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HEAT PUMP AND COMPRESSOR
DISCHARGE PRESSURE CONTROLLING
APPARATUS FOR THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Application
No. 2004-27883, filed on Apr. 22, 2004; Korean Application

No. 2004-27886, filed on Apr. 22, 2004; and Korean Appli-
cation No. 2004-88480, filed on Nov. 2, 2004, which appli-
cations are incorporated herein by specific reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a heat pump, and, more
particularly, to a heat pump having an accumulator inlet side
introducing pipe extending through a discharge pipe of a
compressor 1n order to prevent the compressor from being
damaged due to low-temperatures and low-pressure liquid
refrigerant passing through an outdoor heat exchanger into
a compressor, thereby preventing liquid refrigerant from
entering into the accumulator and the compressor, maintain-
ing the compressor discharge pressure to a predetermined
pressure level, when the temperature of outdoor air 1s low or
the load 1s excessive, to stabilize the compressor suction
pressure, and control the liquid-compression phenomenon,
when the outdoor heat exchanger 1s covered with frost as the
temperature of the outdoor air 1s lower in winter, and
therefore, no evaporation process 1s performed, to prevent
the compressor from being damaged.

Also, the present invention relates to a compressor dis-
charge pressure control apparatus for such a heat pump that
1s capable of decreasing the pressure and temperature of
refrigerant discharged from the compressor to a set pressure
and temperature levels, when the cooling load or heating
load 1s excessive, to uniformly maintain the compressor
discharge pressure and compressor suction pressure.

2. Description of the Related Art

FIG. 1 1s a view schematically showing the structure of a
conventional heat pump.

As shown i FIG. 1, the conventional heat pump com-
prises: a compressor 10 for compressing refrigerant into
high-temperature and high-pressure gas refrigerant mn a
heating operation mode; a condenser, 1.¢., an indoor heat
exchanger 20 for performing heat exchange between the
refrigerant compressed by the compressor 10 and air (1 the
heat pump 1s an air-cooled type heat pump) to condense gas
refrigerant into liquid refrigerant; an expansion valve 30 for
expanding the high-temperature and high-pressure liquid
refrigerant condensed by the mndoor heat exchanger 20 into
low-pressure gas refrigerant by a throttling expansion
action; an outdoor heat exchanger 40 for evaporating the
reirigerant expanded by the expansion valve 30, performing
heat exchange between the refrigerant and air blown by a
blower through the use of the latent heat of vaporization of
the refrigerant to cool the air, and returning the gas refrig-
crant to the compressor 10; and an accumulator 50 for
separating the refrigerant collected from the outdoor heat
exchanger 40 into liquid refrigerant and gas refrigerant to
supply only the gas refrigerant to the compressor 10.

In the heat pump, the accumulator 50 serves to separate
the refrigerant evaporated by the outdoor heat exchanger 40
into liquid refrigerant and gas refrigerant such that only the
gas relrigerant 1s introduced into the compressor 10. In
addition, the accumulator 50 serves to prevent the liquid
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refrigerant from entering into the compressor 10 such that
the compressor 10 prevented from being damaged due to
compression of the liquid refrigerant.

While refrigerant i1s circulated in the heat pump, gas
refrigerant 1s changed into liquid refrigerant, and then the
liguid refrigerant 1s changed into the gas refrigerant. A
switching operation between heating operation mode and
cooling operation mode 1s performed by a four-way valve 60
in the heat pump. The heat pump i1s a system that produces
high-temperature heating sources as sources necessary for
performing a heating operation.

In the conventional heat pump, however, 1t 1s diflicult to
produce such high-temperature heating sources. Although
high-temperature heating sources are produced by the con-
ventional heat pump, the amount of heating sources 1s very
small. Also, the high-temperature heating sources are inter-
mittently produced by the conventional heat pump. As a
result, when the temperature of the outdoor air 1s decreased
in winter, the performance of the heat pump sharply dete-
riorates, and therefore, the temperature of heating sources 1s
lowered. Furthermore, evaporation pressure and specific
volume of refrigerant introduced into the compressor are
increased, and therefore, pressure ratio, which 1s the ratio of
compressor discharge pressure to evaporation pressure, 1S
increased. Consequently, compression efliciency of the heat
pump 1s lowered, and the compressor temperature 1s e€xces-
sively increased, which causes the compressor to be dam-
aged. Especially, the condenser 1s operated at high tempera-
ture and high pressure to produce a high-temperature heating
source, and therefore, excessive load 1s applied to the
compressor. As a result, the compressor 1s damaged.

Furthermore, the performance of the heat pump 1s sharply
deteriorated, and the operation power of the compressor 1s
increased as the evaporation pressure i1s lowered and the
condensation pressure 1s increased. Consequently, the com-
pressor 1s damaged, and the energy consumption of the heat
pump 1s increased. When the temperature of outdoor air 1s
decreased 1n winter, the evaporation temperature 1s low, and
therefore, the specific volume and efficiency are decreased.
Consequently, the performance of the heat pump 1s lowered,
and the energy consumption of the heat pump is increased.
Especially 1n the conventional heat pump, the compression
ratio, which 1s the ratio of condensation pressure to evapo-
ration pressure, 1s increased when the temperature of the
outdoor air 1s decreased. As a result, the compression
clliciency of the compressor 1s lowered, and therefore, the
performance of the heat pump 1s lowered.

In the conventional heat pump, the compressor discharge
pressure and temperature are excessive when the load 1s
excessive, and therefore, the compressor 1s damaged.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made 1n view of
the above problems, and it 1s an object of the present
invention to provide a heat pump having an accumulator
inlet side introducing pipe extending through the discharg-
ing pipe of a compressor in order to prevent the compressor
from being damaged due to the introduction of low-tem-
perature and low-pressure liquid refrigerant having passed
through an outdoor heat exchanger into the compressor,
thereby preventing the liquid refrigerant from entering into
the accumulator and the compressor.

It 1s another object of the present mnvention to provide a
cryogenic heat pump that 1s capable of maintaiming com-
pressor discharge pressure to a predetermined stable pres-
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sure level, when the temperature of the outdoor air 1s low or
the load 1s excessive, to stabilize compressor suction pres-
sure,

It 1s another object of the present imnvention to provide a
cryogenic heat pump that 1s capable of controlling a liquid-
compression phenomenon, when the outdoor heat exchanger
1s covered with frost as the temperature of outdoor air is
decreased in winter, and therefore, no evaporation process 1s
performed, to prevent the compressor from being damaged.

It 1s yet another object of the present invention to provide
a compressor discharge pressure controlling apparatus for
such a heat pump that 1s capable of decreasing excessive
pressure and temperature of refrigerant discharged from the
compressor to predetermined stable pressure and tempera-
ture levels, when cooling load or heating load 1s excessive,
to umiformly maintain compressor discharge pressure and
compressor suction pressure.

In accordance with one aspect of the present invention,
the above and other objects can be accomplished by the
provision of a heat pump comprising: a compressor; indoor
and outdoor heat exchangers for condensing or evaporating
reifrigerant compressed by the compressor according to
cooling or heating operation mode; a four-way valve for
guiding the tflow of the compressed refrigerant to the indoor
heat exchanger or the outdoor heat exchanger according to
the cooling or heating operation mode; an expansion valve
for selectively decreasing the pressure of liquid refrigerant
according to the cooling or heating operation mode; a check
valve selectively opened or closed according to the cooling
or heating operation mode for guiding the flow of the liquid
refrigerant to the expansion valve; an accumulator for pre-
venting the liquid refrigerant from entering into the inlet of
the compressor; a plurality of connection pipes for connect-
ing the compressor, the indoor and outdoor heat exchangers,
the four-way valve, the expansion valve, the check valve,
and the accumulator to one another such that the compressor,
the indoor and outdoor heat exchangers, the four-way valve,
the expansion valve, the check valve, and the accumulator
communicate with one another; and a heat exchange part for
performing heat exchange between the connection pipe
connected to the mlet of the accumulator and the connection
pipe connected to the indoor heat exchanger.

Preferably, the connection pipe extending through the
heat exchange part 1s provided at the outer circumierential
part thereof with a plurality of heat-sink pins.

In accordance with another aspect of the present inven-
tion, there 1s provided a heat pump comprising: a compres-
sor; 1ndoor and outdoor heat exchangers for condensing or
evaporating refrigerant compressed by the compressor
according to cooling or heating operation mode; a four-way
valve for guiding the flow of the compressed refrigerant to
the indoor heat exchanger or the outdoor heat exchanger
according to the cooling or heating operation mode; first and
second expansion valves mounted at the indoor and outdoor
heat exchangers, respectively, for selectively decreasing the
pressure of liquid refrigerant according to the cooling or
heating operation mode; first and second check valves
selectively opened or closed according to the cooling or
heating operation mode for guiding the flow of the liquid
refrigerant to the first and second expansion valves, respec-
tively; an accumulator for preventing the liquid refrigerant
from entering into the 1let of the compressor; and a plurality
of connection pipes for connecting the compressor, the
indoor and outdoor heat exchangers, the four-way valve, the
first and second expansion valves, the first and second check
valves, and the accumulator to one another such that the
compressor, the mdoor and outdoor heat exchangers, the
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four-way valve, the first and second expansion valves, the
first and second check valves, and the accumulator commu-
nicate with one another, wherein the heat pump further
comprises: a bypass pipe, having a bypass valve mounted
thereon, connected between the connection pipe connecting
the indoor and outdoor heat exchangers and the accumulator
for gmding some of the refrigerant introduced into the
outdoor heat exchanger to the accumulator therethrough
when the evaporation function of the outdoor heat exchanger
1s lowered or excessive load 1s applied to the compressor
during a heating operation of the heat pump.

Preferably, the heat pump further comprises: a plurality of
distributors connected to the first and second expansion
valves and the first and second check valves, respectively,
wherein each of the distributors has a plurality of branch
pipes, which are connected to the corresponding indoor or
outdoor heat exchanger such that the indoor or outdoor heat
exchanger effectively performs condensing or evaporating
function according to the cooling or heating operation mode.

In accordance with yet another aspect of the present
invention, there 1s provided a compressor discharge pressure
controlling apparatus for a heat pump, the heat pump com-
prising: a compressor; imdoor and outdoor heat exchangers;
a four-way valve; and an expansion valve, wherein the
apparatus comprises: a bypass pipe branching ofl from a
refrigerant pipe through which refrigerant discharged from
the compressor flows, the bypass pipe being connected to a
refrigerant pipe connected between the expansion valve and
the 1ndoor heat exchanger; and an opening/closing device
mounted on the bypass pipe for opening the bypass pipe,
when discharged pressure from the compressor 1s excessive,
to guide some of gas refrigerant introduced 1nto the outdoor
heat exchanger to the indoor heat exchanger.

Preferably, the opening/closing device comprises: a
device body having an inlet port and an outlet port; a
discharge pressure adjusting plate disposed 1n the device
body for opening or closing the outlet port by the pressure
of the gas refrigerant introduced into the device body
through the inlet port; and a spring, having one end attached
to the inside of the device body and the other end attached
to the discharge pressure adjusting plate, for elastically
supporting the discharge pressure adjusting plate toward the
inlet port.

Preferably, the compressor discharge pressure controlling
apparatus further comprises: an auxiliary expansion valve
mounted on the refrigerant pipe, which 1s connected to the
outlet port of the opening/closing device, for expanding
high-temperature and high-pressure gas refrigerant into low-
temperature and low-pressure gas refrigerant by throttling
expansion action such that the low-temperature and low-
pressure gas refrigerant 1s introduced into the indoor heat
exchanger.

BRIEF DESCRIPTION OF THE

DRAWINGS

The above and other objects, features and other advan-
tages of the present mvention will be more clearly under-
stood from the following detailed description taken i con-
junction with the accompanying drawings, in which:

FIG. 1 1s a view schematically showing the structure of a
conventional heat pump;

FIG. 2 1s a view schematically showing the structure of a
heat pump according to a first preferred embodiment of the
present 1nvention;

FIG. 3 1s a view schematically showing the structure of a
heat pump according to a second preferred embodiment of
the present invention;
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FIG. 4 1s a view schematically showing distributors
connected to an outdoor heat exchanger in the heat pump
according to the second preferred embodiment of the present
invention;

FIG. 5 1s a view schematically showing a compressor
discharge pressure controlling apparatus according to a third
preferred embodiment of the present invention mounted 1n a
heat pump; and

FIG. 6 1s a view schematically showing the interior
structure of the compressor discharge pressure controlling
apparatus according to the third preferred embodiment of the
present mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, preferred embodiments of the present invention will
be described 1n detail with reference to the accompanying
drawings.

FIG. 2 1s a view schematically showing the structure of a
heat pump according to a first preferred embodiment of the
present invention.

As shown 1n FIG. 2, the heat pump to the first preferred
embodiment of the present invention comprises a compres-
sor 10, an indoor heat exchanger 20, an expansion valve 30,
an outdoor heat exchanger 40, an accumulator 350, a four-
way valve 60, and a plurality of connection pipes.

The four-way valve 60 1s connected to the outlet of the
compressor 10 via a first connection pipe 1. The four-way
valve 60 1s also connected to the mndoor heat exchanger 20
via a second connection pipe 2. The indoor heat exchanger
20 1s connected to the outdoor heat exchanger 40 via a third
connection pipe 3.

On the third connection pipe 3 are mounted an expansion
valve 30 for controlling the flow of refrigerant and a check
valve 31 for preventing back-flow of the refrigerant. The
expansion valve 30 and the check valve 31 are connected to
cach other 1n parallel on the third connection pipe 3.

The four-way valve 60 1s connected to the outdoor heat
exchanger 40 via a fourth connection pipe 4. The four-way
valve 60 1s also connected to the accumulator 50 and the
inlet of the compressor 10 via a fifth connection pipe 5.
Retrigerant 1s circulated in the heat pump through the five
above-mentioned connection pipes.

Adjacent to the mndoor heat exchanger 20 1s disposed an
indoor fan (not shown) for blowing air to the indoor heat
exchanger 20. Adjacent to the outdoor heat exchanger 40 1s
disposed an outdoor fan (not shown) for blowing air to the
outdoor heat exchanger 40.

On the second connection pipe 2 1s mounted a heat
exchange part 110 having a relatively large diameter. The
fifth connection pipe 5 extends through the heat exchange
part 110 such that heat exchange between low-temperature
and low-pressure liquid refrigerant flowing toward the accu-
mulator 50 and high-temperature and high-pressure gas
reirigerant discharged from the compressor 10 1s performed
in the heat exchange part 110. As a result, the low-tempera-
ture and low-pressure liquid refrigerant 1s evaporated, and
therefore, the liquid refrigerant discharged from the outdoor
heat exchanger 40 without being evaporated 1s then evapo-
rated by the heat exchange part 110. Consequently, not
liquid refrigerant but gas refrigerant 1s introduced nto the
accumulator 50.

On the outer circumierential part of the fifth connection
pipe 5, which extends through the heat exchange part 110,
are provided a plurality of heat-sink pins Sa for promoting
heat exchange.
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The operation of the cryogenic heat pump with the
above-stated construction according to the first preferred
embodiment of the present invention will be described
hereinafter.

When a user selects heating operation mode 1n winter, the
compressor 10 1s, operated, based on a control signal from
a controller (not shown), to compress low-temperature and
low-pressure gas refrigerant into high-temperature and high-
pressure gas refrigerant. The high-temperature and high-
pressure gas refrigerant 1s supplied to the four-way valve 60
through the first connection pipe 1.

Subsequently, the high-temperature and high-pressure gas
refrigerant flows from the four-way valve 60 to the imdoor
heat exchanger 20 through the second connection pipe 2.
The high-temperature and high-pressure gas refrigerant 1s
condensed by the indoor heat exchanger 20 with the result
being that heat 1s emitted from the refrigerant. At this time,
air 15 blown to the indoor heat exchanger 20 by the indoor
fan, and therefore, the heat generated in the indoor heat
exchanger 20 is transferred to the air blown to the indoor
heat exchanger 20. As a result, the temperature of the interior
of a room where the indoor heat exchanger is installed 1s
increased. In this way, the heating operation of the heat
pump 1s accomplished.

The high-temperature and high-pressure refrigerant hav-
ing passed through the indoor heat exchanger 20 flows to the
outdoor heat exchanger 40 through the third connection pipe
3.

The refrigerant flowing to the outdoor heat exchanger 40
passes through the expansion valve 30 where the refrigerant
1s expanded into low-temperature and low-pressure liquid
refrigerant.

Subsequently, the low-temperature and low-pressure 11q-
uid refrigerant 1s supplied to the outdoor heat exchanger 40,
by which the low-temperature and low-pressure liquid
refrigerant 1s changed into low-temperature and low-pres-
sure gas refrigerant.

The low-temperature and low-pressure gas refrigerant 1s
introduced into the accumulator 50 and the compressor 10
through the fourth connection pipe 4, the four-way valve 60
and the fifth connection pipe 5. In this way, the refrigerant
1s continuously circulated, and therefore, the heating opera-
tion of the heat pump i1s continuously performed.

As described above, the fifth connection pipe 5 extends
through the heat exchange part 110 mounted on the second
connection pipe 2, through which the high-temperature and
high-pressure gas refrigerant passes. As a result, the low-
temperature and low-pressure liquid refrigerant passing
through the fifth connection pipe 5 1s evaporated by the heat
exchange part 110, and therefore, the low-temperature and
low-pressure liquid refrigerant 1s changed into a low-tem-
perature and low-pressure gas refrigerant, which 1s intro-
duced into the accumulator 350. Consequently, the liquid
refrigerant 1s prevented from entering 1nto the accumulator
50 and the compressor 10, and therefore the compressor 10
1s prevented from being damaged.

According to the present invention, the low-temperature
and low-pressure liquid refrigerant discharged from the
outdoor heat exchanger 40 1s evaporated by the high-
temperature and high-pressure gas refrigerant discharged
from the compressor 10, and therefore, the compression
elliciency of the compressor 10 1s considerably improved 1n
winter.

FIG. 3 1s a view schematically showing the structure of a
heat pump according to a second preferred embodiment of
the present imnvention, and FIG. 4 1s a view schematically
showing distributors connected to an outdoor heat exchanger
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in the heat pump according to the second preferred embodi-
ment of the present invention.

As shown 1n FIGS. 3 and 4, the heat pump according to
the second preferred embodiment of the present invention
comprises a compressor 221, an indoor heat exchanger 227,
first cooling-operation and heating-operation distributors
232 and 236, second cooling-operation and heating-opera-
tion distributors 237 and 238, first and second expansion
valves 231 and 235, an outdoor heat exchanger 239, an
accumulator 244, a four-way valve 222, and a bypass pipe

260.

The four-way valve 222 1s connected to the outlet of the
compressor 221 via a first connection pipe 223, on which a
high-pressure switch 226 1s mounted. The high-pressure
switch 226 1s operated by a pressure sensor. The four-way
valve 222 1s also connected to the indoor heat exchanger 227
via a second connection pipe 228. The indoor heat
exchanger 227 1s connected to the outdoor heat exchanger
239 via a third connection pipe 229.

On the third connection pipe 229 are mounted the first
heating-operation distributor 236 and a first check valve 230
for preventing back flow of refrigerant to the indoor heat
exchanger 227. The first heating-operation distributor 236
and the first check valve 230 are connected to each other 1n
serial. On the third connection pipe 229 are also mounted the
first expansion valve 231 and the first cooling-operation
distributor 232 having a strainer. The first expansion valve
231 and the first cooling-operation distributor 232 are con-
nected to each other 1n serial. The first expansion valve 231
and the first cooling-operation distributor 232 are connected
to the first heating-operation distributor 236 and the first
check valve 230 1n parallel on the third connection pipe 229
for controlling the tflow of refrigerant.

On the third connection pipe 229 are also mounted a
second check valve 234 for preventing back tlow of refrig-
erant to the outdoor heat exchanger 239 and the second
cooling-operation distributor 237. The second check valve
234 and the second cooling-operation distributor 237 are
connected to each other 1n serial. On the third connection
pipe 229 are also mounted the second heating-operation
distributor 238 having a strainer and the second expansion
valve 235. The second heating-operation distributor 238 and
the second expansion valve 2335 are connected to each other
in serial. The second heating-operation distributor 238 and
the second expansion valve 235 are connected to the second
check valve 234 and the second cooling-operation distribu-
tor 237 1n parallel on the third connection pipe 229 for
controlling the tlow of refrigerant.

The four-way valve 222 i1s connected to the outdoor heat
exchanger 239 via a fourth connection pipe 240. The four-
way valve 222 i1s also connected to the inlet of the com-
pressor 221 via a {ifth connection pipe 245, on which a
low-pressure switch 243 and the accumulator 244 are
mounted. The low-pressure switch 243 1s operated by a
pressure sensor. Refrigerant 1s circulated 1n the heat pump
through the five above-mentioned connection pipes.

Adjacent to the indoor heat exchanger 227 1s disposed an
indoor fan 258 for blowing air to the indoor heat exchanger
227. Adjacent to the outdoor heat exchanger 239 1s disposed
an outdoor fan 259 for blowing air to the outdoor heat
exchanger 239.

The third connection pipe 229 and the accumulator 244
selectively communicate with each other through the bypass
pipe 260, on which a bypass valve 261 1s mounted. When the
temperature of outdoor air 1s low or the load 1s excessive,
some of the refrigerant introduced 1nto the compressor 221
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through the outdoor heat exchanger 239 1s circulated
through the bypass pipe 260. As a result, the pressure of the
compressor 221 1s stabilized.

As shown 1n FIG. 4, each of the distributors 232, 236, 237
and 238 has a plurality of branch pipes, which are connected
to the refrigerant pipe ol the outdoor heat exchanger 239
such that the outdoor heat exchanger 239 optimally performs
heat exchange. As a result, the heat exchange efliciency 1s
considerably improved. Furthermore, the evaporation pro-
cess 1s smoothly performed especially when the temperature
of outdoor air 1s less than 15 degrees Celsius below zero as
in winter, and therefore, the outdoor heat exchanger 239 1s
prevented from being covered with frost.

The operation of the cryogenic heat pump with the
above-stated construction according to the second preferred
embodiment of the present invention will be described
hereinafter.

When a user powers the heat pump on and selects cooling
operation mode 1n summer, the compressor 221 1s operated,
based on a control signal from a controller (not shown), to
compress low-temperature and low-pressure gas refrigerant
into high-temperature and high-pressure gas refrigerant. The
high-temperature and high-pressure gas refrigerant 1s sup-
plied to the four-way valve 222 through the first connection
pipe 223.

Subsequently, the high-temperature and high-pressure gas
refrigerant flows from the four-way valve 222 to the outdoor
heat exchanger 239 through the fourth connection pipe 240.
The high-temperature and high-pressure gas refrigerant 1is
condensed by the outdoor heat exchanger 239. As a result,
the high-temperature and high-pressure gas refrigerant 1s
changed into high-temperature and high-pressure liquid
refrigerant, and heat emitted from the refrigerant 1s dis-
charged to the outside by the outdoor fan 259.

The high-temperature and high-pressure liquid refrigerant
having passed through the outdoor heat exchanger 239 flows
through the second cooling-operation distributor 237 and the
second check valve 234 mounted on the third connection
pipe 229, and then flows through the first cooling-operation
distributor 232 and the first expansion valve 231. The
high-temperature and high-pressure liquid refrigerant 1s
expanded while passing through the first expansion valve
231 with the result that the temperature and the pressure of
the refrigerant 1s sharply decreased.

The low-temperature and low-pressure liquid refrigerant
having passed through the first expansion valve 231 absorbs
heat surrounding the refrigerant while the low-temperature
and low-pressure liquid refrigerant 1s changed into gas
refrigerant by the indoor heat exchanger 227. At this time,
air whose heat 1s absorbed by the refrigerant 1s blown into
the iterior of a room where the indoor heat exchanger 227
1s 1nstalled by the indoor fan 238. In this way, the cooling
operation of the heat pump 1s accomplished.

Subsequently the low-temperature and low-pressure
refrigerant having passed through the indoor heat exchanger
227 tflows to the four-way valve 222 through the second
connection pipe 228, and 1s then mntroduced into the accu-
mulator 244 mounted on the fifth connection pipe 243. In the
accumulator 244, the refrigerant 1s separated into gas refrig-
crant and liquid refrigerant, and the gas refrigerant intro-
duced 1nto the compressor 221 where the gas refrigerant 1s
compressed into high-temperature and high-pressure gas
reirigerant. The above-mentioned process 1s repeated.

While the cooling operation of the heat pump is per-
formed as mentioned above, the heat pump 1s not atlected by
the difference between the temperature of outdoor air and the
interior temperature of the room where the indoor heat




US 7,353,664 B2

9

exchanger 227 1s mstalled. Consequently, normal cooling
operation of the heat pump 1s possible without the excessive
operation ol the heat pump.

When the user selects heating operation mode 1n winter,
the compressor 221 1s operated, based on a control signal
from the controller, to compress low-temperature and low-
pressure gas refrigerant into a high-temperature and high-
pressure gas reirigerant. The high-temperature and high-
pressure gas refrigerant 1s supplied to the four-way valve
222 through the first connection pipe 223.

Subsequently, the high-temperature and high-pressure gas
reirigerant flows from the four-way valve 222 to the indoor
heat exchanger 227 through the second connection pipe 228.
The high-temperature and high-pressure gas refrigerant is
condensed by the indoor heat exchanger 227 with the result
that heat 1s emitted from the refrigerant. At this time, air 1s
blown to the indoor heat exchanger 227 by the indoor fan
2358, and therefore, the heat generated in the indoor heat
exchanger 227 1s transferred to the air blown to the indoor
heat exchanger 227. As a result, the temperature of the
interior of the room where the indoor heat exchanger 227 1s
installed 1s increased. In this way, the heating operation of
the heat pump 1s accomplished.

The high-temperature and high-pressure refrigerant hav-
ing passed through the indoor heat exchanger 227 flows to
the outdoor heat exchanger 239 through the third connection
pipe 229.

The refrigerant flowing to the outdoor heat exchanger 239
passes through the first heating-operation distributor 236 and
the first check valve 230 for preventing back flow of
reirigerant to the indoor heat exchanger 227, and then
through the second heating-operation distributor 238 having,
the strainer and the second expansion valve 235. When the
refrigerant passes through the second expansion valve 235,
the refrigerant 1s expanded into low-temperature and low-
pressure liquid refrigerant.

Subsequently, the low-temperature and low-pressure 11g-
uid refrigerant 1s supplied to the outdoor heat exchanger 239,
by which the low-temperature and low-pressure liquid
refrigerant 1s changed into low-temperature and low-pres-
sure gas refrigerant.

The low-temperature and low-pressure gas refrigerant 1s
introduced into the accumulator 244 and the compressor 221
through the fourth connection pipe 240, the four-way valve
222 and the fifth connection pipe 245. In this way, the
refrigerant 1s continuously circulated, and therefore, the
heating operation of the heat pump i1s continuously per-
formed.

When the temperature of outdoor air 1s less than 15
degrees Celsius below zero while the heating operation of
the heat pump 1s performed, the evaporation process of the
outdoor heat exchanger 239 1s not smoothly performed.
Consequently, the pressure 1s decreased, and the outdoor
heat exchanger 239 1s covered with frost. As a result, the
heat exchange operation 1s not properly carried out by the
outdoor heat exchanger 239, and therefore, liquid refrigerant
1s 1mtroduced nto the compressor. Consequently, the com-
pressor 221 1s damaged.

In order to prevent the outdoor heat exchanger 239 from
being covered with frost, when the temperature of outdoor
air 1s low, as described above, or mitigate load when the load
1s excessive, the bypass valve 261 1s opened such that, when
the liquid refrigerant having passed through the first heating-
operation distributor 236 and the first check valve 230 tlows
through the third connection pipe 229, some of the liquid
refrigerant having passed through the first heating-operation
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distributor 236 and the first check valve 230 flows to the
accumulator 244 through the bypass valve 261.

As a result, the amount of the liquid refrigerant introduced
into the outdoor heat exchanger 239 i1s decreased, and
therefore, the heat exchange operation 1s sufliciently carried
out by the outdoor heat exchanger 239. Consequently, the
compressor 221 1s prevented from being frozen in winter,
and the high pressure of the outdoor heat exchanger 239 is
reduced.

Meanwhile, the temperature and the pressure of the liquid
reirigerant tlowing through the bypass valve 260 are
decreased by the third expansion valve 249, and therefore,
the low-temperature and low-pressure liquid refrigerant 1s
introduced into the accumulator 244 where the low-tem-
perature and low-pressure liquid refrigerant 1s slowly evapo-
rated by the temperature of the gas refrigerant evaporated by
the outdoor heat exchanger 239. As a result, gas refrigerant
1s 1ntroduced into the compressor 221.

FIG. 5 1s a view schematically showing a compressor
discharge pressure controlling apparatus according to a third
preferred embodiment of the present invention mounted 1n a
heat pump, and FIG. 6 1s a view schematically showing the
interior structure of the compressor discharge pressure con-
trolling apparatus according to the third preferred embodi-
ment of the present invention.

As shown 1 FIGS. 5§ and 6, the compressor discharge
pressure controlling apparatus according to the third pre-
ferred embodiment of the present invention comprises a
bypass pipe 310 and an opening/closing device 320.

The bypass pipe 310 branches off from a refrigerant pipe
through which refrigerant discharged from a compressor 301
flows, and 1s connected to a refrigerant pipe connected
between an mdoor heat exchanger 302 and an expansion
valve 303.

The opening/closing device 320 1s mounted on the bypass
pipe 310 for opening the bypass pipe 310, when discharged
pressure irom the compressor 301 i1s excessive, to guide
some of gas refrigerant introduced into an outdoor heat
exchanger 304 to the indoor heat exchanger 302.

More specifically, the opening/closing device 320 com-
prises: a device body 321 having an inlet port 3214 and an
outlet port 3215; a discharge pressure adjusting plate 323
disposed 1n the device body 321 for opening or closing the
outlet port 3215 by the pressure of the gas relrigerant
introduced into the device body 321 through the inlet port
321a; and a spring 322, having one end attached to the nside
of the device body 321 and the other end attached to the
discharge pressure adjusting plate 323, for elastically sup-
porting the discharge pressure adjusting plate 323 toward the
inlet port 321a.

However, the present mmvention 1s not limited to the
above-mentioned construction of the compressor discharge
pressure controlling apparatus. Preferably, an auxiliary
expansion valve 330 1s mounted on the refrigerant pipe,
which 1s connected to the outlet port 3215, for expanding
high-temperature and high-pressure gas refrigerant into low-
temperature and low-pressure gas refrigerant by throttling
expansion action. The low-temperature and low-pressure
gas refrigerant expanded by the auxiliary expansion valve
330 is mtroduced 1nto the indoor heat exchanger 302.

The operation of the compressor discharge pressure con-
trolling apparatus with the above-stated construction accord-
ing to the third preferred embodiment of the present inven-
tion will be described below 1n detail.

While reifrigerant 1s circulated in the heat pump, gas
refrigerant 1s changed into liquid refrigerant, and then the
liguid refrigerant 1s changed into the gas refrigerant. A
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switching operation between the heating operation mode and
cooling operation mode 1s performed by the four-way valve
in the heat pump. The compressor 301 mounted 1n the heat
pump serves to compress gas refrigerant into high-tempera-
ture and high-pressure gas refrigerant.

When the heat pump 1s operated for a long period of time
while the cooling or heating load 1s excessive, the discharge
pressure from the compressor 301 1s excessively increased,
and therefore, the compressor 301 may be damaged. When
the discharge pressure from the compressor 301 exceeds a
predetermined level, the discharge pressure adjusting plate
323 1s moved away from the inlet port 321a against the
clastic force of the spring 322, and therefore, the inlet port
321a communicates with the outlet port 3215.

Consequently, some of the gas relrnigerant discharged
from the compressor 301 flows through the bypass pipe 310.
The gas refrigerant flowing through the bypass pipe 310
passes through the auxiliary expansion valve 330. At this
time, the high-temperature and high-pressure gas refrigerant
1s expanded ito low-temperature and low-pressure gas
reirigerant by throttling expansion action. The low-tempera-
ture and low-pressure gas refrigerant expanded by the aux-
iliary expansion valve 330 1s introduced 1nto the indoor heat
exchanger 302. As a result, the pressure and the temperature
of the refrigerant discharged from the compressor 301 are
decreased, and therefore, the pressure and the temperature of
the refrigerant introduced into the compressor 301 are
increased.

As the pressure and the temperature of the refrigerant
discharged from the compressor 301 are decreased, the
compressor 301 1s prevented from being damaged, and the
pressure and the temperature of the refrigerant introduced
into the compressor 301 are increased.

As apparent from the above description, the heat pump 1s
normally operated when the temperature of outdoor air 1s
low, and the low-temperature and low-pressure liquid refrig-
cerant discharged from the outdoor heat exchanger 1s pre-
vented from entering into the accumulator and the compres-
sor. Consequently, the present invention has the eflect of
preventing the compressor from being damaged.

Also, the compressor discharge pressure 1s maintained to
a predetermined stable pressure level when the temperature
of outdoor air 1s low or if the load 1s excessive. Conse-
quently, the present invention has the eflfect of stabilizing the
compressor suction pressure.

Also, when the outdoor heat exchanger 1s covered with
frost as the temperature of outdoor air 1s decreased 1n winter,
and therefore, no evaporation process 1s performed, the
liquid-compression phenomenon 1s effectively controlled.
Consequently, the present imnvention has the effect of pre-
venting the compressor from being damaged.

Furthermore, the excessive pressure and temperature of
refrigerant discharged from the compressor are decreased to
predetermined stable pressure and temperature levels when
cooling load or heating load 1s excessive. Consequently, the
present invention has the effect of uniformly maintaining the
compressor discharge pressure and the compressor suction
pressure.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed 1n the
accompanying claims.

What 1s claimed 1s:

1. A heat pump comprising:

a COmMPressor;
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indoor and outdoor heat exchangers for condensing or
evaporating refrigerant compressed by the compressor
according to cooling or heating operation mode;

a four-way valve for guiding the flow of the compressed
refrigerant to the indoor heat exchanger or the outdoor
heat exchanger according to the cooling or heating
operation mode;

an expansion valve for selectively decreasing the pressure
of liquid refrigerant according to the cooling or heating
operation mode;

a check valve selectively opened or closed according to
the cooling or heating operation mode for guiding the
flow of the liquid refrigerant to the expansion valve;

an accumulator for preventing the liquid refrigerant from
entering into the inlet of the compressor;

a plurality of connection pipes for connecting the com-
pressor, the indoor and outdoor heat exchangers, the
four-way valve, the expansion valve, the check valve,
and the accumulator to one another such that the
compressor, the mdoor and outdoor heat exchangers,
the four-way valve, the expansion valve, the check
valve, and the accumulator communicate with one
another; and

a heat exchange part for performing heat exchange
between the connection pipe connected to the inlet of
the accumulator and extending through the heat
exchange part and the connection pipe connected to the
indoor heat exchanger.

2. The heat pump as set forth in claim 1, wherein the
connection pipe extending through the heat exchange part 1s
provided at the outer circumferential part thereof with a
plurality of heat-sink pins.

3. A heat pump comprising:

a Compressor;

indoor and outdoor heat exchangers for condensing or
evaporating refrigerant compressed by the compressor
according to cooling or heating operation mode;

a four-way valve for guiding the flow of the compressed
refrigerant to the indoor heat exchanger or the outdoor
heat exchanger according to the cooling or heating
operation mode;

first and second expansion valves mounted at the indoor
and outdoor heat exchangers, respectively, for selec-
tively decreasing the pressure of the liquid refrigerant
according to the cooling or heating operation mode;

first and second check valves selectively opened or closed
according to the cooling or heating operation mode for
guiding the flow of the liquid refrigerant to the first and
second expansion valves, respectively; an accumulator
for preventing the liquid refrigerant from entering into
the 1nlet of the compressor; and

a plurality of connection pipes for connecting the com-
pressor, the indoor and outdoor heat exchangers, the
four-way valve, the first and second expansion valves,
the first and second check valves, and the accumulator
to one another such that the compressor, the indoor and
outdoor heat exchangers, the four-way valve, the first
and second expansion valves, the first and second
check valves, and the accumulator communicate with
one another, wherein the heat pump further comprises:

a bypass pipe, having a bypass valve mounted thereon,
connected between the connection pipe connecting the
indoor and outdoor heat exchangers and the accumu-
lator for guiding some of the refrigerant introduced into
the outdoor heat exchanger to the accumulator there-
through when the evaporation function of the outdoor
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heat exchanger 1s lowered or excessive load 1s applied
to the compressor during a heating operation of the heat

puinp.

4. The heat pump as set forth 1n claim 3, further com-
prising:
a plurality of distributors connected to the first and second

expansion valves and the first and second check valves,
respectively, wherein each of the distributors has a
plurality of branch pipes, which are connected to the
corresponding 1indoor or outdoor heat exchanger such
that the indoor or outdoor heat exchanger effectively
performs a condensing or evaporating function accord-
ing to the cooling or heating operation mode.

5. A compressor discharge pressure control apparatus for
a heat pump, the heat pump comprising:

d

compressor; indoor and outdoor heat exchangers; a
four-way valve; and an expansion valve, wherein the
apparatus comprises:

bypass pipe branching off from a relfrigerant pipe
through which refrigerant discharged from the com-
pressor flows, the bypass pipe being connected to a
refrigerant pipe connected between the expansion valve
and the indoor heat exchanger; and

an opening/ closing device mounted on the bypass pipe for

opening the bypass pipe, when discharged pressure
from the compressor 1s excessive, to guide some of gas
refrigerant introduced 1nto the outdoor heat exchanger
to the indoor heat exchanger, the opening/closing
device comprising:

a device body having an inlet port and an outlet port;
a discharge pressure adjusting plate disposed in the device

body for opening or closing the outlet port by the

14

pressure ol the gas relrigerant introduced into the
device body through the inlet port; and

a spring, having one end attached to the inside of the

device body and the other end attached to the discharge
pressure adjusting plate, for elastically supporting the
discharge pressure adjusting plate toward the inlet port.

6. A compressor discharge pressure control apparatus for
a heat pump, the heat pump comprising: a compressor;

1o 1ndoor and outdoor heat exchangers; a four-way valve; and
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an expansion valve, wherein the apparatus comprises:

a bypass pipe branching ofl from a refrigerant pipe

through which refrigerant discharged from the com-
pressor flows, the bypass pipe being connected to a
refrigerant pipe connected between the expansion valve
and the indoor heat exchanger;

an opening/closing device mounted on the bypass pipe for

opening the bypass pipe, when discharged pressure
from the compressor 1s excessive, to guide some of gas
refrigerant introduced 1nto the outdoor heat exchanger
to the indoor heat exchanger; and

an auxiliary expansion valve mounted on the refrigerant

pipe, which 1s connected to the outlet port of the
opening/closing device, for expanding high-tempera-
ture and high-pressure gas refrigerant mto low-tem-
perature and low-pressure gas refrigerant by throttling
expansion action such that the low-temperature and
low-pressure gas refrigerant 1s introduced into the
indoor heat exchanger.
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